Abstract: Using polarization sensitive time-resolved photoluminescence upconversion experiments, we demonstrate that positively charged quantum dots act as a highly efficient detector for spin polarized electrons in semiconductor heterostructms. The efficient detection of spin-polarized carriers is a crucial issue for the design of semiconductor-based spintronics dwices [l]. Using a spin light-emitting diode design, a quantum well has been applied to the detection of spin-polarized holes or electrons in semiconductor heterostructures.
The efficient detection of spin-polarized carriers is a crucial issue for the design of semiconductor-based spintronics dwices [l] . Using a spin light-emitting diode design, a quantum well has been applied to the detection of spin-polarized holes or electrons in semiconductor heterostructures. [2] In such cases, the spin information is indicated by the degree of circular polarization of the quantum well luminescence. Quantum dots (QDs) are especially attractive for detection of spin-polarized carriers [3] owing to their long spin lifetimes [4] and large internal quantum efficiency. Through a comparison of spin capture and relaxation dynamics in neutral (NQDs) , positively (+QDs) and negatively (-QDs) charged QDs, we demonstrate khat +QDs act as a highly efficient detector for spin-polarized electrons.
A single layer of 3x10'' QDs was grown by depositing 2.7 ML of I d s on GaAs. For charged QDs, 100 Angstroms of undoped GaAs was subsequentIy deposited, followed by 3 1 Angstroms of doped GaAs (n or p) at 2~1 0 '~ ~m -~. Time-resolved photoluminescence (TRPL) upconversion experiments were performed with lOOfs, 1.42eV pulses from a TkSapphire laser tuned to excite carriers in the GaAs. Fig. 1 shows the rise times of TEWL from the ground state of the QDs following excitation with linearlypolarized light. The PL rise time indicates the time taken for carriers to be captured into the QDs and to relax to the ground state. For NQDs, the capture time is determined by camer diffusion, and occurs in 4-5 ps. In contrast, for the charged QDs, the capture process is dominated by the space charge field on the dots, leading to substantially shorter capture times and to the capture of primarily one species of carrier. The capture time in +QDs, which is dominated by electron transport, is an order of magnitude shorter than in NQDs. Since holes are captured into -QDs, the larger hole effective mass leads capture time relative to NQDs. Excitation with circularly-polarized light in GaAs generates partially spin-polarized electrons and holes. Since electrons are captured much more rapidly by the +QDs than the NQDs, the degree of spin polarization of the captured electrons in +QDs is expected to be enhanced relative to NQDs since electrons have had less time to undergo spin relaxation in the GaAs and wetting layer regions surrounding the dots before being captured. We observe a substantially larger CP in +QDs (-50%) than in NQDs (-22%) (Fig.2) . This result is also reflected by the larger difference in rise times of the PL' and PL-components for QThI4 +QDs (Fig. 3(a),(b) ). For -QDs, no CP is observed since holes are fully spin-relaxed upon capture. The decay time of the CP, which coincides with spin relaxation of carriers in the QDs, was found to be similar in the +QDs and NQDs, as shown in Fig. 3(c 
